The present study describes an integrated modeling framework for surface and groundwater resources planning, management and allocation. The study area includes four groundwater systems of Halkidiki Prefecture in Northern Greece, all facing serious water quality and/or quantity issues, especially during the summer period due to intensive agricultural activity and tourism. Within all four systems, the water demand is met exclusively by groundwater resources. Initially, a supply-demand model is applied under different climate conditions to assess groundwater resource availability. Then a certain quantity of surface water is considered available, due to the potential (future) construction and operation of two reservoirs within the study area and an optimal water allocation model using linear programming is developed. The combined use and allocation of surface and subsurface water under climate changing conditions is also being studied by investigating three additional scenarios in which either every one of the two reservoirs operates solely or both reservoirs operate together. The model was applied using Water and Evaluation Planning (WEAP) software, while the climate data were abstracted from Regional Climate Model REGCM3_10 km and ERA-Interim reanalysis data bases. Finally, the results of unmet demand, water supply coverage and reservoir storage were evaluated as water management action efficiency indicators.
INTRODUCTION
Water is necessary for life and socioeconomic development of a country and basic support to all human and ecoenvironmental systems. However, rapid population growth, urbanization, industrial development and increased agricultural activity have led to overexploitation and pollution of surface and groundwater resources in numerous places worldwide.
Agriculture, especially, contributes greatly to groundwater exploitation, leads to a decrease in piezometric level of the aquifers and increases the risk of water quality deterioration due to the extensive use of fertilizers and pesticides (nitrate contamination). The worst problem is faced in coastal areas, where intensive water abstraction for farming also results to sea water intrusion and salinization of soils.
The basic characteristic in these areas is that the highest water demand is presented during summer due to higher domestic use and irrigation consumption, leading to critical conditions in groundwater resources. Additionally, coastal areas face the environmental impact of tourism, as tourists do not belong to the permanent population and have different habits of water consumption. Their number exhibits significant seasonal and annual variability and the combination of tourist activity with the water demand of the permanent population and rural activities leads to overexploitation of water reserves, with high impact on coastal aquifers (Kent et al. ) .
Integrated water resources management in the coastal areas of Greece is assumed to be a difficult task due to the following reasons: (a) semi-arid environment; (b) very high tourist activity, leading to an uncontrolled increase in urban water demand during summer; (c) a combination of high evapotranspiration and low precipitation during the summer growing season, leading to high water consumption for irrigation; and (d) lack of collective irrigation networks infrastructure, which leads to deficit control of rural water consumption. A representative region which presents all previously mentioned characteristics is the region of Halkidiki Peninsula in Northern Greece (Demertzi et al. ) .
The aim of this study is to employ the Water and Evaluation Planning (WEAP) model in order to address the future challenges and limitations and to perform risk assessment of the influence of tourism and agriculture under climate change on the conjunctive operation of local groundwater systems and two reservoirs of dams which are still in the design phase. The study focuses on optimal water resources management aiming at mitigating groundwater overexploitation.
METHODS

Study area
Area, topography, climate, water issues
In the present study, four groundwater systems in the Prefecture of Halkidiki, Northern Greece are studied and presented in Figure 1 et al. a, b) .
WEAP model
The WEAP model operates on the basic principle of water balance and on a monthly and annual basis. It is designed to show an integrated aspect of a water system (both in its current state and in predicted future scenarios) and has the ability to perform simulations even with limited data ( • Scenario 1 (Groundwater only): Current water regime.
Each groundwater system covers exclusively its municipal water and irrigation needs.
• • Scenario 3 (Havrias only): Operation of Havrias reservoir only, that supplies Epanomi-Moudania, Kassandra, Sithonia and Ormilia (urban needs) and covers part of the irrigation needs of Ormilia.
• Scenario 4 (Olynthios only): Olynthios reservoir supplies Epanomi-Moudania, Kassandra, Sithonia and Ormilia (urban needs).
In scenarios 2, 3 and 4, groundwater resources are used for irrigation purposes and are available to cover supplementarily the municipal needs. The simulations were performed in a monthly step with no return flows, while first and secondary priority of water supply were assigned in the model to urban and rural demand sites, respectively.
The water supplied by the reservoirs is preferred to meet municipal and tourist water needs, due to poor groundwater quality (salinization and nitrate pollution phenomena) and because water purification plants are planned to be constructed (along with the reservoirs) in order to provide high water quality. On the other hand, groundwater is preferred for agriculture due to high crop consumption quantity (reservoirs are insufficient to cover the projected rural needs) and lower supply cost.
Water supply (surface and groundwater)
The aim of the present study is to investigate the percentage of urban and irrigation water demand that is not covered in the case of establishing groundwater protection measures.
Hence, within the model, it is assumed that the groundwater 
Water year method
Water year drought classes
The climatic conditions were built according to WEAP's 'water year method', using as a base the precipitation data which were incorporated in the model. According to this method, the historic annual inflow rates are divided into five drought classes (very dry, dry, normal, wet and very wet), where the mean monthly inflows of each drought class are calculated in order to describe the respective climatic conditions.
The drought classes are empirically defined using percentiles of the annual total precipitation data time series (very dry: minimum value-10th percentile; dry: 11th-30th percentile;
normal: 31st-70th percentile; wet: 71st-90th percentile; very wet: 91st percentile-maximum value).
Data evaluation
Precipitation data of the updated very high resolution model 
).
As presented in Figure 3 , 10 Era-Interim grid points (A, B,…,J) were selected (four in Epanomi-Moudania and two in Kassandra, Sithonia and Ormilia, respectively) and each precipitation value was compared annually with the corresponding value of the REGCM3 grid points (63, 64, 65, 53, 55, 56, 42, 46, 19, 23) with the nearest latitude and longitude. The mean annual precipitation (MAP) for both time series and every groundwater system within the period 1980-2014 is presented in Figure 4 . Additionally, WEAP water year coefficients (Table 1) , that specify how much more or less water flows into the system in a specific year relative to a normal water year, were calculated, for the ERA-Interim data and the REGCM3 time series for both the comparison Table 2 .
Water demand
Halkidiki is one of the most touristic sites in Greece, as a The total irrigated area of each system, the mean irrigation water consumption per km 2 , estimated using the Penman-Monteith method (Allen et al. ) using regional crop coefficients (Veranis & Xatzikirkou ) and the monthly variation of the agricultural demand is also presented in Table 3 . More than 70% of the studied regions is 
Combined use of surface and groundwater resources
In the present study, the conjunctive use of surface and groundwater is also investigated and presented in Figure 7 .
In scenario 2, all urban water demands are covered entirely by the reservoirs, except for 5 years (2033, 2034, 2035, 2049, 2050 
CONCLUSIONS
The problems concerning management and allocation of water resources in coastal areas with Mediterranean climate are well known, given the variability of both water supply and demand patterns in space but mostly in time and cannot be solved using only local groundwater, even when sophisticated water allocation methods are employed (Latinopoulos et al. ) . Thus, in the study area, the parallel exploitation of unused surface water resources seems to be an inescapable task.
In the present work, an optimal water managementallocation model was applied, using WEAP software, in order to investigate the combined effects of climate change and tourist-agricultural activities on surface and groundwater reserves in a semi-arid environment.
The application concerned the probable future The model of the present study could be applied in other studies in order to investigate the impact of human activities, climate change and drought on surface and groundwater and assess various environmental policies by estimating the environmental benefits and calculating the cost of each management action.
In conclusion, regional water management and allocation plans concerning the study area should be carefully re-examined, considering economic, environmental, political and social factors before implementing any water action. To this end, a multi-criteria optimization model should be applied. 
